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(57) ABSTRACT

Disclosed are a laser radar system and a method for acquiring
an image of a target, and the laser radar system includes: a
beam source to emit the laser beam; a beam deflector disposed
between the beam source and the target, and configured to
deflect the laser beam emitted from the beam source in a
scanning direction of the target as time elapses; and an optical
detector configured to detect the laser beam reflected from the
target, which is provided a plurality of beam spots having a
diameter Dy, and a receiving optical system disposed
between the target and the optical detector and configured to
converge the laser beam reflected from the target, and the
optical detector includes a detecting area having a diameter
D,,, that satisfies an equation of V2xPz+2xDg e=Dp <2
D,,,,, and an equation of (4/m)xAxF_nmumber<Dy ;<D
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1
LASER RADAR SYSTEM AND METHOD FOR
ACQUIRING 3-D IMAGE OF TARGET

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit priority from Korean Patent
Application Nos. 10-2012-0063801, filed on Jun. 14, 2012,
and 10-2013-0052336, filed on May 9, 2013, in the Korean
Intellectual Property Office, the disclosure of which is incor-
porated herein in its entirety by reference.

TECHNICAL FIELD

Systems and methods consistent with the exemplary
embodiments relates to a laser radar (ladar) system and a
method for acquiring a three dimensional (3-D) image of
target.

BACKGROUND

A 3-D imaging system can be used for a product such as a
3-D display TV, or the like, and can be used in order to secure
a 3-D imaging for a distant military target, a 3-D imaging for
monitoring a natural environment such as a landslide, or the
like, and various 3-D imaging around a vehicle required for
driving an unmanned autonomous vehicle.

In recent years, a ladar system has gotten the spotlight
because high-quality 3-D image is required even under vari-
ous environments.

A ladar system in the related art, which is used to acquire a
3-D image, includes a panoramic scan ladar (PSL) and a
forward looking ladar (FLL). The PSL is disclosed in U.S.
patent application publication No. 2011/0216304 (Title:
HIGH DEFINITION LIDAR SYSTEM) [hereinafter,
referred to as ‘Related Art 1°] and the FLL is disclosed in U.S.
Pat. No. 6,414,746 (Title: 3-D IMAGING MULTIPLE TAR-
GET LASER RADAR) [hereinafter, referred to as ‘Related
Art 2.

Related Art 1 includes a plurality of laser generating mod-
ules and a plurality of optical detectors, for example, four
laser generating modules and a ‘4x1’ optical detector array. In
the case of driving of Related Art 1, the laser generating
module and the optical detector array may be configured to
operate at different times or at the same time.

However, in Related Art 1, it is difficult to align the respec-
tive laser generating modules and respective pairs of optical
detectors corresponding thereto so that the plurality of laser
generating modules and the optical detector array are scanned
in one line form or in a predetermined form. That is, an
operation of examining a spatial viewing range of signals
detected by the respective optical detectors and modifying a
layout of the plurality of laser generating modules and the
optical detector array to conform with a specification is
required. This process may influence the price of the module
and negatively influence mass production.

Further, in Related Art 1, a 2-D image (in general, distance
information from a vertical-direction line) can be secured
without rotation of the module. In order to acquire the 3-D
images, however, an entire transmission/reception module
including the plurality oflaser modules and the optical detec-
tor array may be rotated.

Related Art 2 is constituted by a plurality of optical detec-
tors that irradiates an optical signal generated by a laser
generating module to a wide region and thereafter, detects
light reflected on and returned from a target, that is, an ‘MxN’
optical detector array. In detail, a pulse laser generating
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device generating a short pulse evenly irradiates a laser to a
wide surface at a predetermined diffusion angle through a
diffuser, or the like. In this case, it is characterized that an
irradiation region is extended depending on a distance and
repeated light pulse irradiation surfaces are generated. The
light pulse irradiation surfaces are hit and reflected on the
target, reflected optical signals are collected through a light
receiving lens, and the collected optical signals are detected
through the optical detector array. In this case, the respective
detectors of the optical detector array individually operate,
measure time differences and magnitudes of the reflected
optical signals at every positions of respective pixels, and a
3-D image of an object that reflects the optical signal may be
formed by collecting the information.

However, since Related Art 2 requires comparatively high
laser pulse power, it is difficult to implement a pulse laser
module having a high pulse repetition frequency, and as a
result, it is difficult to secure a high frame rate.

Further, In Related Art 2, pixel readout circuits that per-
form processing such as detecting an optical signal, which is
reflected on the object and is incident independently as a pixel
signal, are required to detect the signals of the respective
optical detectors without influences from neighboring detec-
tors in implementing an optical detector array, the pixel read-
out circuit parts are arranged in a 2-D array pattern, parts,
which transfer and process signals generated from the insides
of'the pixels, are provided on outer edges thereof, and finally,
a readout IC (ROIC), which can transmit the signals to the
outside through an interface pad positioned around an edge of
a chip, is required.

This type of ROIC includes both digital and analog ROICs.
Since a sufficient signal to noise ratio needs to be secured
even in a narrow pixel region, it is difficult to implement
ROIC and manufacturing cost of the ROIC is high. Further,
since the ROIC and the optical detector array are generally
implemented by using different substrates, the ROIC and the
optical detector array cannot be manufactured at the same
time and are connected by a flip-chip method which is com-
paratively high in terms of cost. Consequently, since a video
system having a complicated structure uses a short laser pulse
on a wide surface, the video system has a characteristic (flash
video) to acquire a still video with respect to an object (for
example, rotating wings of a helicopter) which moves at a
high speed, and as a result, the video system is used for a
military purpose, but in general, total manufacturing cost of
the system is high, and as a result, it is difficult to popularize
the system.

SUMMARY

Accordingly, one or more exemplary embodiments pro-
vide a laser radar system suitable for mass production, which
can minimize an effort such as an optical path alignment
required to acquire a 3-D image, or the like and reduce total
implementation cost.

The present disclosure has been made in an effort to pro-
vide a laser radar system in which stability is high and a
high-speed operation is possible because a driver in which
motion such as rotation of an entire sensor module, or the like
is required can be removed or substantially reduced, and
which can be implemented in a simpler composition without
requiring a high-priced optical detector array, a focal plane
array (FPA), and a readout IC (ROIC) which needs to be
driven for each pixel of a complicated composition in order to
drive the FPA are not required while spoiling a design of an
applied product.
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The present disclosure has been made in an effort to pro-
vide a laser radar system that can comparatively easily
remove or reduce a blind spot which is not detected when the
laser radar system is mounted on a vehicle, or the like.

The present disclosure has been made in an effort to pro-
vide a laser radar system which can be driven for a wide area
in association with a target.

The present disclosure has been made in an effort to pro-
vide a laser radar system that can set resolution of 3-D imag-
ing data differently for each area.

The present disclosure has been made in an effort to pro-
vide a laser radar system that can acquire remote data for a
concerned region and conditionally acquire data of a wide
region for other areas by using a method of simultaneously or
driving a 3-D image including remote data providing a high
SNR mode with respect to a narrow angle and short-distance
data providing a low SNR mode with respect to a wide angle
or conditionally driving some of the 3-D image in some cases.

The foregoing and/or other aspects may be achieved by
providing a laser radar system acquiring an image of a target
by using a laser beam, including: a beam source to emit the
laser beam; a beam deflector disposed between the beam
source and the target, and configured to deflect the laser beam
emitted from the beam source in a scanning direction of the
target as time elapses; an optical detector configured to detect
the laser beam reflected from the target with, which is pro-
vided a plurality of beam spots having a diameter Dy; and,
areceiving optical system disposed between the target and the
optical detector and configured to converge the laser beam
reflected from the target, wherein the optical detector
includes a a detecting area having a size D, that satisfies
[Equation 1] and [Equation 2] below.

VIxPrpst2%xDaps<Dp <2xD; o0 [Equation 1]

Herein, Pgz¢ represents a maximum pitch between the
beam spots, Dy represents the diameter of the beam spot,
and D, ; represents the pupil diameter of the receiving opti-
cal system.

(4/m)xhxF_number<Dgpps<Dj. . [Equation 2]

Herein, A, represents the wavelength of the laser beam and
F_number represents an F number depending on the pupil
diameter of the receiving optical system.

Meanwhile, another exemplary embodiment of the present
disclosure provides a method for acquiring an image of a
target by using a laser beam in a laser radar system, including:
emitting the laser beam; deflecting the laser beam in a scan-
ning direction of the target as time elapses; converging, by a
receiving optical system, the laser beam reflected from the
target; and detecting, by an optical detector, the laser beam
converged by the receiving optical system, which is provided
a plurality of beam spots having a diameter D5, and the
optical detector includes a detecting area having a diameter
D, that satisfies [Equation 1] and [Equation 2] below.

VIxPrpst2%xDaps<Dp <2xD; o0 [Equation 1]

Herein, Pgz¢ represents a maximum pitch between the
beam spots, Dy represents the diameter of the beam spot,
and D, represents a pupil diameter of the receiving optical
system.

(4/m)xhxF_number<Dgpps<Dj. . [Equation 2]

Herein, A, represents the wavelength of the laser beam and
F_number represents an F number depending on the pupil
diameter of the receiving optical system.

According to the exemplary embodiments of the present
disclosure, a “laser radar based on a large-area optical detec-
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4
tor (called a static unified detector (STUD)) in which a beam
transmitter emits a beam and deflects the beam in a scanning
direction of the target depending on time and a static beam
receiver detects a reflected beam from the target is provided to
acquire a high-resolution 3-D image in real time.

Further, rotation of a sensor head having a large volume is
not required and a laser radar system implemented by not
individual detection of a detector array but a single unified
detection method is provided to minimize an effort such as
optical path alignment, or the like at the time of acquiring a
3-D image and a high-priced detector array or a focal plane
array (FPA) is not required and a high-priced ROIC driving
the FPA is not required to reduce implementation cost and a
laser radar system suitable for mass production can be pro-
vided.

Further, a laser radar system including one beam transmit-
ter and one or more bean transmitters is provided to reduce or
remove a hood of a vehicle or a region covered with a hood of
a vehicle or a part of the system and not detected, that is, a
detection disable region, in implementing various application
systems.

A laser radar system including one or more receiving opti-
cal systems having different wide angle characteristics is
provided to simultaneously acquire remote data in a high
SNR mode and a wide-angle 3-D image in a low SNR mode.

A laser radar system in which one signal processing mod-
ule processes signals received through one or more beam
receivers is provided, and as a result, the system is very
simpler than an existing ROIC composition to analyze a
reflected signal for each pixel. Therefore, it is very advanta-
geous in terms of implementation cost.

A laser radar system using one or more beam transmitters
that operate in different time zones is provided, and as a result,
a system that scans a larger area, efficiently resolves a blind
spot, and provides different resolutions for each region as
necessary can be implemented.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the illustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram of a laser radar system
according to an exemplary embodiment.

FIG. 2 is an explanatory diagram of a technique in which a
beam transmitter irradiates a beam to different locations of a
target depending on time and a static beam receiver detects
the irradiated beam according to the exemplary embodiment.

FIGS. 3A to 3D are explanatory diagrams of various meth-
ods ofirradiating a laser beam to different locations of a target
depending on time according to the exemplary embodiment.

FIGS. 4A and 4B are explanatory diagrams illustrating a
concept of a large-area optical detector and the diameter of a
detecting area according to the exemplary embodiment.

FIG. 4C is an exemplary diagram of the large-area optical
detector according to the exemplary embodiment.

FIG. 5 is a configuration diagram of a laser radar system
according to a first exemplary embodiment.

FIG. 6 is a configuration diagram of a laser radar system
according to a second exemplary embodiment.

FIG. 7 is a configuration diagram of a laser radar system
according to a third exemplary embodiment.

FIG. 8 is a configuration diagram of a laser radar system
according to a fourth exemplary embodiment.



US 9,234,964 B2

5

FIG. 9 is a configuration diagram of a laser radar system
according to a fifth exemplary embodiment.

FIGS. 10A and 10B are explanatory diagrams of various
applications to which the laser radar system of the exemplary
embodiment is applied.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawing, which form a part hereof. The
illustrative embodiments described in the detailed descrip-
tion, drawing, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented here.

The present disclosure presents a “large-area optical detec-
tor based laser radar” in which a beam transmitter provides a
beam to different locations of a target depending on time and
a static beam receiver, that is, an optical detector with a
large-area detecting area detects the irradiated beam. The
laser radar of the present disclosure will also be referred to as
a “static unified detector (STUD) based laser radar”.

In the laser radar system of the present disclosure, the beam
transmitter, repeatedly generates a laser beam having a short
laser pulse and deflects the laser beam to different locations of
a target (in a scanning direction) depending on time (sequen-
tially deflecting the short laser pulse to space), the static beam
receiver collects and detects all or some laser beams reflected
from the target and a single or divided large-area detector
constituted (integrated) by one or more pieces detects the
collected laser beams, and an image processor calculates
different locations depending on time and analyzes the laser
beam, which is incident at that time, to calculate distance
and/or reflected beam intensity information. A 3-D image is
acquired by using a calculation result of the distance and/or
reflected beam intensity information.

FIG. 1 is a configuration diagram of a laser radar system
according to an exemplary embodiment.

The laser radar system according to an exemplary embodi-
ment includes a beam transmitter Tx to emit a laser beam and
deflect the laser beam to a target 140, and a static beam
receiver Rx to receive a laser beam reflected from the target
140.

The beam transmitter Tx may include a beam source 110 to
emit a laser beam having a short laser pulse, a beam trans-
mission optical system 120 to converge the laser beam emit-
ted from the beam source, and a beam deflector 130 to deflect
the laser beam in a scanning direction of the target 140
depending on time. The beam deflector 130 is disposed
between the beam source 110 and the target 140. The beam
transmission optical system 120 may be omitted depending
on an application and may be configured to have a predeter-
mined diffusion angle by using a diffuser. The beam trans-
mission optical system 120 and the beam deflector 130 may
be implemented in one form and the beam transmission opti-
cal system 120 and the beam deflector 130 may be imple-
mented while the order thereof is changed.

The static beam receiver Rx may include an optical filter
150, a receiving optical system 160 to converge the laser
beam, and an optical detector 170 configured to detect the
laser beam reflected from the target 140. The laser beam
reflected from the target 140 passes through the optical filter
150 for blocking noise beam and thereafter, reaches the opti-
cal detector 170 through a receiving optical system 160 for
forming a focus. Herein, the optical filter 150 and the receiv-
ing optical system 160 may be changed in the order thereof
and the optical filter 150 may be omitted.
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The static beam receiver Rx collects all or some laser
beams reflected on the target 140 to detect the collected
beams through the single or divided or array type optical
detector 170. Moreover, the static beam receiver Rx may
further include a module that controls a temperature, in order
to constantly maintain the performance of the optical detector
170 of which a characteristic is sensitively changed depend-
ing on a temperature.

Further, the laser radar system may further include a signal
reading unit that reads the laser beam detected by the optical
detector 170 by using information on another location of the
target 140 as time elapses, which is used in the beam deflector
130. Further, the laser radar system may further include an
image processor that calculates distance and/or reflected
beam intensity information of each observation point up to
the target 140 by using laser beam information read by the
signal reading unit and determines a 3-D image of the target
140 by using the distance and/or reflected beam intensity
information which is calculated up to each point.

In the present disclosure, the distance and/or reflected
beam intensity information is used in determining the 3-D
image. That is, when viewed from an airplane, since distance
information of an asphalt pavement and a ground surface
made of soil, which is just next thereto, is detected as the same
height, the reflected beam intensity information may also be
used in order to distinguish the pavement and the soil ground
surface at different reflectivity for accurate 3-D image deter-
mination.

Further, the laser radar system may further include a cam-
era 180 that acquires a 2-D image of the target 140. In this
case, the image processor serves to correct or synthesize the
3-D target image and the 2-D target image acquired by the
camera.

The static beam receiver Rx may be implemented with a
device (for example, TEC; temperature controller) for main-
taining the optical detector 170, which is sensitive to a tem-
perature, at a constant temperature so as to have the same
characteristic. The static beam receiver Rx may further
include a signal processing module that may process a time
difference or an intensity of the laser beam reflected from the
target 140. Thereafter, an analysis apparatus that transmits
data through a connection cable using various communica-
tion protocols such as a USB and Gigabit Ethernet and dis-
plays data may finally acquire the 3-D image. That is, the
image processor calculates different locations depending on
time and calculates the distance and/or reflected beam inten-
sity information by analyzing the laser beam which is inci-
dent at that time. The 3-D image is acquired by using a
calculation result of the distance and/or reflected beam inten-
sity information. Herein, although even the analysis appara-
tus that displays data has been described, only up to a pro-
cessing board is processed and thereafter, an actual
application (in the case of directly recognizing and process-
ing the 3-D image, such as a vehicle and a robot) may directly
receive and process the image.

InFIG. 1, an optical path of the beam transmitter Tx and an
optical path of the static beam receiver Rx are differently
expressed and this is called a dual axis or bi-axial structure. As
another example, the present disclosure may be implemented
by a case in which the optical path of the beam transmitter Tx
and the optical path of the beam receiver Rx are the same as
each other (a single-axis or uni-axial structure).

In FIG. 1, the beam transmission optical system 120 (e.g.,
a collimator, or the like) may be provided between the beam
source 110 and the beam deflector 130. The optical filter 150
may be provided between the target 140 and the receiving
optical systems 160.
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FIG. 2 is an explanatory diagram of a technique in which a
beam transmitter irradiates a beam to different locations of a
target depending on time and a static beam receiver detects
the irradiated beam according to the exemplary embodiment.
In the present disclosure, in order to illustrate an optically
scanned form, the beam deflector 130 scans a front on a 2-D
plane of the target 140. In this case, an optically scanned
pattern may be variously applied to a circular coordinate or
other coordinates of different intervals as well as a 2-D plane
coordinate of the same interval. The pattern may be imple-
mented by applying an appropriate driving signal to an optical
scanner and may determine the quality of the 3-D image. That
is, a scanning operation of the present disclosure is not spray-
ing the laser beam onto a surface by spreading the laser beam,
but irradiating each beam pulse to each observation point of
the target and regularly scanning a predetermined region
when irradiation to all observation points is accumulated
depending on time.

In addition, the method of irradiating a laser beam to
another location of the target depending on time according to
the present disclosure may be various. FIGS. 3A to 3D are
explanatory diagrams of various methods of irradiating a
laser beam to different locations of a target depending on time
according to the exemplary embodiment.

FIG. 3A illustrates a motor driven Galvano Mirror. FIG. 3B
illustrates a polygonal rotating mirror. FIG. 3C illustrates an
electro-optic (EO) scanner. The EO scanner illustrated in
FIG. 3C is implemented by a form of a deflector as a form of
an optical waveguide that changes the direction of light by an
electrical signal.

FIG. 3D illustrates a fiber array laser. The fiber array laser
illustrated in FIG. 3D may be implemented by an arrayed
waveguide grating (AWG). The fiber array laser optically
delays an input laser beam or makes the input laser beam have
different wavelengths to output the input laser beam to the
target through a plurality of fiber tips facing different direc-
tions to thereby perform scanning with different wavelengths
or different time differences. FIGS. 3C and 3D have an advan-
tage in that a physical driver is not provided, and as a result,
the EO scanner and the fiber array laser are resistant to shock
and have no vibration and noise.

As another example, the beam deflector may be imple-
mented by a homogeneous or heterogeneous scanner combi-
nation structure for 2-D scanning, such as a stepping motor or
a brushless DC (BLDC) motor or a rotating minor or an
electromagnetic Galvano minor or an acousto-optic deflector
or a bi-axial driving scan minor or a MEMS scanner or a
MEMS reflector.

Moreover, the beam transmitter Tx may further include a
component (hereinafter, referred to as an ‘optical pulse beam
width controller’) for controlling a beam width of an optical
pulse. The optical pulse beam width controller may be con-
figured by a collimator, a beam expander, and a lens or one
combination or two or more combinations thereof.

Next, the large-area optical detector of the exemplary
embodiment will be described with reference to FIGS. 4A to
4C. FIGS. 4A to 4C are explanatory diagrams illustrating a
large-area optical detector of the exemplary embodiment and
a diameter of a receiving area of the optical detector 140.

In FIG. 4A, the beam transmitter (the pulse laser 110 and
the beam deflector 130) emits the laser beam to the target 140.
In this case, when viewed in a front direction to acquire 3-D
resolution, in order to describe minimum resolution under the
condition that a coordinate at two horizontal places and two
vertical places are scanned depending on time, the minimum
resolution is expressed in a form to accumulate reflection
points generated by irradiating the beam to four different
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points. However, actually, the respective points are sequen-
tially scanned. In FIG. 4A, among beam transmission reflec-
tion surface laser beam spots (target beam spots) 141, 142,
143, and 144, the beam transmission reflection surface laser
beam spot 143 is formed at the present time. Herein, P,
represents a pitch of the beam transmission reflection surface
laser beam spots (the target beam spots) adjacent to each other
and D,z represents a diameter of the beam transmission
reflection surface laser beam spot (the target beam spot).

When the laser beam is irradiated to a remote target, the
diameter of the beam transmission reflection surface laser
beam spot (target beam spot), D5, generated when the laser
beam hits the target generally depends on a distance. When a
collimated beam is transmitted or the beam is transmitted
while the initial intensity of the beam is large, the D, may
be suppressed from being changed or increased depending on
the distance. Further, when the laser pulse is irradiated to the
remote targets at different locations at different times, the
respective pitches of the beam transmission reflection surface
laser beam spots, P,z depend on a driving condition of the
beam deflector and under the same driving condition, when
the distance increases, the pitch of the beam transmission
reflection surface laser beam spots, P . linearly increases.
The laser signal reflected on the target under the conditions of
the P,z ¢ and the D, may be displayed on the detecting area
170 of the optical detector through the receiving optical sys-
tem 160 by converting the conditions ofthe Pz cand the D ¢
into conditions of the pitch of received beam spots, P55 and
the diameter of the received beam spot, Dy z..

FIG. 4A illustrates that the laser signal reflected on the
target is incident on the detecting area at four different loca-
tions symmetrically around the receiving optical system 160
at different times depending on time. That is, in scanning with
minimum resolution of total 2x2, parts on which the reflected
laser beam is collected are accumulated displayed. Among
the received laser beam spots 171, 172, 173, and 174, the
received laser beam spot 173, which is marked with the
oblique deviant crease line, represents a location which the
laser reflection signal enters at present.

Therefore, the present disclosure proposes the detecting
area of the large-area optical detector having a minimum area
and a maximum area, which may receive most beams, so as to
secure a maximum signal to noise ratio (SNR) with respect to
a reflection signal which comes from all reflection points, as
illustrated in FI1G. 4B.

When a condition for receiving all of reflected laser sig-
nals, which are incident from a 2x2 image having minimum
resolution for acquiring the 3-D image, is calculated, the
minimum size of the detecting area, which is required in the
optical detector, should be an area including all of received
laser beams which are collected depending on time in the
optical detector. That is, a minimum diameter of the detecting
area (Dp ., diameter of a detecting area) is deduced by “
VIXP, 5 +2xD, o, Herein, the pitch of the received laser
beam spots, Pz represents a maximum pitch between the
beam spots which are incident in the optical detector at dif-
ferent times, Dz represents the size of a beam which is
irradiated when one reflected laser signal is incident in the
optical detector. Of course, the diameter of the received laser
beam spot, Dy may be different in vertical and horizontal
pitches and different for each reflected laser signal, but the
Dy 5 1s expressed based on a minimum value in the present
disclosure.

The maximum size of the detecting area required in the
optical detector is deduced below. The maximum size of the
detecting area may coincide with the maximum size of the
beam which is incident through the receiving optical system
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160, and since the maximum size of the detecting area is
difficult to be twice larger than the maximum beam size even
on the assumption of scanning, the maximum diameter of the
detecting area, Dy, ..., 1s deduced as “2xD,,,,.””. Herein, D, _,,
represents a pupil diameter of the receiving optical system
160.

In addition, the minimum and maximum sizes of the laser
beam for acquiring the 3-D image are the same as those of a
single reflected laser beam which is incident through the
receiving optical system. Therefore, the minimum beam size
is the same as a focused spot size of the lens and an equation
thereof is expressed below. Accordingly, the minimum diam-
eter of the received laser beam spot, Dz, may be defined
as “(4/m)xixF_number”. Herein, A represents a wavelength
ofalaserand F_number represents an F number depending on
the diameter and focusing of the receiving optical system. In
addition, since the maximum diameter of the received laser
beam spot, Dz, COrresponds to the diameter of the receiv-
ing optical system. Thus, Dy, 18 €qual to D, ..

The large-area optical detector of the present disclosure
described above is organized below through the equation. The
optical detector of the present disclosure includes a detecting
area having a diameter D, that satisfies [Equation 1] and
[Equation 2] below.

VIxPrpst2%xDaps<Dp <2xD; o0 [Equation 1]

Herein, P, represents the pitch of the received laser beam
spots, Dy 5 s represents the diameter of the received laser beam
spot, D, represents the diameter of the detecting area, and
D,,,.s represents the pupil diameter of the receiving optical
system.

(4/m)xhxF_number<Dgpps<Dj. .

[2]

Herein, represents the wavelength of a laser and F_number
represents the F number depending on the diameter and
focusing of the receiving optical system.

Meanwhile, although described below with reference to
FIGS. 5109, the laser radar system of the exemplary embodi-
ment may include a plurality of transmitters and/or a plurality
of receivers. That is, in the present disclosure, the receiver
may be constituted by two or more optical detectors having
different receiving optical system characteristics or two or
more optical detectors facing different directions and it may
be understood that FIGS. 4A and 4B illustrate the maximum
size of the detecting area from the viewpoint of one unit
optical detector.

As illustrated in FIG. 4C, the optical detector includes a
single detecting area or two or more divided detecting areas.
In FIG. 4C, a rectangular optical detector is described as an
example, but in the present disclosure, the optical detector
may be implemented in various forms such as a hexagonal
shape, a circular shape, and an oval shape.

The large-area optical detector is not a single detector
having a size in the range of 20 to 50 um which is the diameter
of a general optical communication detector, but a detector
having a received beam area which may include an optical
signal region where the laser pulse signal transmitted by the
beam transmitter is reflected on an object and is incident
through a receiving optical system. In the present disclosure,
a large area represents a size of 100 um or more and less than
1 mm, for example and in some cases, the large area may
represent a size of 1 mm or more. In other words, it may be
appreciated that the large area has an area to detect most
optical signals which are transmitted. The reason is that a
location where the reflection signal is incident in the receiver
is changed to correspond to different irradiation locations of
the target by the transmitter depending on time.
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In general, since the width of the laser pulse becomes at the
level of several nano seconds to tens of nano seconds, an
operating speed of the optical detector needs to be increased
in order to detect the width of the laser pulse, and when a
beam receiving region is large, output capacitance of the
optical detector increases and the operating speed thus
decreases, and as a result, a short laser pulse may not be
detected. In order to solve the problem, the large-area optical
detector is not configured by only one optical detector but
may be configured by an optical detector which is designed in
various structures. For example, the large-area optical detec-
tor may be constituted by a plurality of unit optical detectors
in order to reduce parasitic capacitance. That is, the large-area
optical detector may be constituted by two or more divided
optical detectors and respective unit pixels are collected to
constitute one large-area optical detector.

Since one optical pulse may be reflected even at two or
more locations, the large-area optical detector may detect two
or more optical signals. This means that two or more 3-D
point clouds may be generated by one optical pulse. Accord-
ingly, the large-area optical detector may operate even under
a climatic condition such as dust in air, snow, or rain by using
amultiple detection function. That is, according to the present
disclosure, since the laser beam may be reflected from two or
more locations in the target to correspond to irradiation of one
laser beam pulse in accordance with a scanning operation,
two or more coordinate information is generated by detecting
two or more reflection laser beams.

The large-area optical detector may be implemented by
various methods, and may be implemented by a PN junction
photodiode based on silicon, InP, or a semiconductor sub-
strate, a PIN photodiode, and an avalanche photodiode
(APD).

As such, in the present disclosure, the large-area optical
detector is used, while in the related art, an optical detector
array is used, and since in the related art, the incident beam is
driven to have different time information, the respective
APD:s as the optical detector have different time differences.
That is, the respective pixels have time information and it is
difficult to implement an ROIC which independently ana-
lyzes the time information for each pixel. On the contrary, in
the present disclosure, for example, since a time of flight
(TOF, time information) for the beams, which are incident in
two APDs, is the same, circuit configurations of the ROIC and
the signal processing module need not be complicated in
order to analyze the time information.

That is, by using the large-area optical detector of the
present disclosure, circuits and processing methods of a sig-
nal processing module that processes an output of one
(single) optical detector or a signal processing module that
processes outputs of two or more divided optical detectors
may be implemented to be the same as each other. However,
when it is known that the outputs of the respective optical
detectors has the same information in terms of time, by addi-
tionally performing a process of adding, as one output, the
outputs of the respective optical detectors (for example, an RF
combiner or an RF coupler), regardless of a signal emitted
from the single optical detector (APD) or signals emitted
from a plurality of unit optical detectors (unit APDs), the
signals may be integrally processed. Therefore, even though
an array APD structure in the related art is used in the present
disclosure, all electrical signals emitted from the respective
pixels are integrated to implement a signal processing module
in which a circuit is easily implemented, like a method of
processing the signal emitted to the single optical detector
(APD). In other words, it may be appreciated that the divided
optical detectors of the present disclosure include all of the
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unit optical detector (unit APD), the plurality of unit optical
detectors, and the array optical detector (array APD).

Hereinafter, various exemplary embodiments of the
present disclosure will be described with reference to FIGS. 5
t0 9, and the technical configurations of the present disclosure
described with reference to FIGS. 1 to 4C and the same
technical configuration between the exemplary embodiments
will not be described in detail and a compared difference will
be primarily described.

FIG. 5 is a configuration diagram of a laser radar system
according to a first exemplary embodiment. FIG. 5 uses a
single large-area optical detector. Reference numeral 600
represents a front view of an object.

A beam source 612 may be implemented by a master
oscillator power amplifier (MOPA), a diode pumped solid
state laser (DPSSL), and an optical integrated modulator.
Further, the beam source 612 may be configured to have a
high pulse repetition frequency (PRF). The beam source 612
may maintain a high frame rate by scanning one surface by
using a high pulse repetition frequency. In general, a pulse
repetition frequency of 230 KHz or more is required to scan
the QVGA (320x240) image at 30 fps (frame per second) and
this may be easily implemented by the MOPA. Since very
high laser pulse power (several ml/pulse) is required in the
related art, the pulse repetition frequency is approximately
tens of fps, while in the laser radar system according to the
present disclosure, since the laser pulse is not irradiated to a
wide region, much lower laser power is required, and as a
result, a high-speed laser pulse having the high pulse repeti-
tion frequency may be generated.

A beam transmitting module 614 includes the beam deflec-
tor described above and may further include an optical pulse
beam width controller for controlling a beam width of an
optical pulse.

A receiving optical system 622 is fixed to collect a reflec-
tion signal of a beam transmitted from the beam transmitting
module 614 and serves to collect reflection signals, which are
incident at a large angle, in a large-area optical detector 624
that detects an actual signal. The receiving optical system 622
may be a fish-eye lens and a user designed lens. Further, the
laser radar system according to the present disclosure
includes additional optical systems such as a ball lens and a
microlens around the large-area optical detector 624 together
with the receiving optical system 622 to allow a beam at a
larger angle to be incident in the optical detector 624 and to
enhance a signal to noise ratio in accordance with an imple-
mentation method.

FIG. 6 is a configuration diagram of a laser radar system
according to a exemplary embodiment.

The laser radar system includes a beam transmitter 710 and
two beam receivers 720 and 730. A region which is not
detected by being covered with a hood of a vehicle or a part of
a system (hereinafter, referred to as a ‘detection disable
region’) may be present in implementing the vehicle or vari-
ous application systems and when the laser radar system
includes the two beam receivers 720 and 730 as described
above, the detection disable region may be reduced or
removed.

FIG. 7 is a configuration diagram of a laser radar system
according to a exemplary embodiment. In FIG. 7, two receiv-
ing optical systems having different wide angle characteris-
tics are used, and in this case, two or more different optical
detectors 724 and 734 receive the beam through lenses having
different characteristics. As another example, one common
lens having different wide angle characteristics may be used
in an internal region thereof and in this case, two or more

10

15

20

25

30

35

40

45

50

55

60

65

12

different optical detectors receive beams through receiving
optical systems 722 and 732 having different optical charac-
teristics.

In the laser radar system of FIG. 7, two receiving optical
systems 722 and 732 having different wide angle character-
istics are disposed. That is, one receiving optical system 722
is used to view a wide angle and the other receiving optical
system 732 is used to view a narrow angle, thereby detecting
a relatively remote reflection signal which is not measured at
the wide angle. In other words, when two receiving optical
system having different wide angle characteristics are used,
remote data of a high SNR mode and a wide-angle 3-D image
of a low SNR mode may be acquired at the same time. In
general, in the case of a vehicular application, up to a long
distance of a center part corresponding to a travelling lane
needs to be detected, and even through a short distance for a
surrounding environment such as a road, or the like is
detected, a wider viewing angle may be required and since the
laser radar system according to the present disclosure oper-
ates by combining the high SNR mode at the narrow angle
and the low SNR mode at the wide angle, the requirements
may be satisfied.

In FIGS. 6 and 7, signals received through two beam
receivers 720 and 730 are added to each other to be processed
by one signal processing module. The reason is that the sig-
nals emitted from the two beam receivers 720 and 730 are
similar signals having almost no time difference of a reflec-
tion pulse, and thus a signal is unified by using a simple RF
combiner and thereafter, one signal output may be config-
ured, and in one signal output which is generated as described
above, the reflection signal may be analyzed at once by using
one signal processing module. However, the respective sig-
nals may be processed in two signal processing modules in
accordance with the requirements of the system and the pro-
cessing of the signals may be determined in accordance with
the positions of the two beam receivers 720 and 730 or the
system requirement. However, since even this case is a very
simpler system than the existing array ROIC composition that
needs to analyze the reflection signal for each pixel, this case
is very advantageous in terms of implementation cost.

Further, in FIGS. 6 and 7, one beam transmitter 710 is
disposed in front of two beam receivers 720 and 730, but the
present disclosure is not limited and one beam transmitter 710
may be disposed at a predetermined position. However, a
beam transmission surface of the beam transmitter 710 may
be disposed in front of incidence surfaces of the receiving
optical systems 722 and 732, in order to reduce direct reflec-
tion noise generated when an optical signal is directly inci-
dent from the beam transmitter 710 to the beam receivers 720
and 730.

FIG. 8 is a configuration diagram of a laser radar system
according to a exemplary embodiment.

The laser radar system includes two beam transmitters 910
and 920 and one beam receiver 930. By this configuration, the
laser radar system may detect reflection signals of optical
signals transmitted from the beam transmitters 910 and 920
that irradiate the beam to different regions by using one beam
receiver 930.

Further, an optical pulse generated by one beam transmitter
910 is not mixed with an optical pulse generated by the other
beam transmitter 920. To this end, the two beam transmitters
910 and 920 may use a time-division method to generate a
laser alternately to each other. The reason is that it is neces-
sary to know which one of the beam transmitters 910 and 920
the optical pulse starts from when the beam receiver 930
detects the incidence of the optical pulse.
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FIG. 9 is a configuration diagram of a laser radar system
according to a exemplary embodiment.

In the laser radar system of FIG. 8, the two beam transmit-
ters 910 and 920 are disposed side by side, but in the laser
radar system illustrated in FIG. 9, the two beam transmitters
910 and 920 are disposed to scan different angles. For
example, one beam transmitter 910 minutely scans a narrow
region of a center part of the beam receiver 930 and the other
beam transmitter 920 scans a relatively wide region. By con-
figuring the laser radar system as described above, resolution
may be easily changed for each region with respect to a 3-D
image to be viewed. Further, in FIG. 9, centers of the two
beam transmitters 910 and 920 are displayed to be different
from each other, but the present disclosure is not limited
thereto and the centers of the two beam transmitters 910 and
920 may be the same as each other. Further, in FIG. 9, a
narrow angle of an optical signal is displayed to be small and
the magnitude of the optical signal may depend on a configu-
ration of the beam transmitter in any degree.

Moreover, in FIGS. 8 and 9, two beam transmitters 910 and
920 are disposed in front of one beam receiver 930, but the
present disclosure is not limited and two beam transmitters
910 and 920 may be disposed at predetermined positions.
However, beam transmission surfaces of the beam transmit-
ters 910 and 920 may be disposed in front of an incidence
surface of the receiving optical system 932 of the beam
receiver 930, in order to reduce direct reflection noise gener-
ated when an optical signal is directly incident from the beam
transmitters 910 and 920 to the beam receiver 930.

Accordingly, it is possible to implement a system that scans
a larger area, efficiently resolves a blind spot, and provides
different resolutions for each region as necessary by using
two beam transmitters 910 and 920 which operate at different
time zones.

The laser radar system of FIGS. 6 and 7 includes one beam
transmitter 710 and two beam receivers 720 and 730 and the
laser radar system of FIGS. 8 and 9 includes two beam trans-
mitters 910 and 920 and one beam receiver 930, but the
present disclosure is not limited thereto and the laser radar
system may include two or more beam transmitters and two or
more beam receivers.

Further, all of the laser radar systems according to the
present disclosure, which are described with reference to the
accompanying drawings, are configured in a bi-axial struc-
ture, but the laser radar system may be configured in a uni-
axial structure. Further, the beam receiver and the beam trans-
mitter may be variously disposed and the positions of the
beam receiver and the beam transmitter may also be variously
set.

For example, when the laser radar system of the present
disclosure is applied to an automobile, the beam transmitter
may be disposed at a hood edge of the automobile and the
beam receiver may be disposed at a front glass part of the
automobile. As such, since the laser radar system according to
the present disclosure has no limit in optical alignment, the
laser radar system may significantly increase the degree of
freedom in a design of the vehicle, or the like and may be
mounted on the vehicle as a 3-D imaging system or a sensor
without damaging the design of the vehicle.

Further, in the related art, there is a limit in reducing the
size of a module in which a pair of the beam transmitter and
the beam receiver exist together, and as a result, there is a
restriction in rotational speed, while in the present disclosure,
a slip ring for a rotating body need not be used. The slip ring
generally includes a mechanical contact type and a liquid
contact type using a material such as mercury, and the
mechanical contact type is very disadvantageous in durability
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and the liquid contact type is avoided from being used due to
environment pollution caused by mercury, or the like. When
the present disclosure is applied to the application such as the
vehicle, a unique design of the vehicle is prevented from
being critically damaged due to a large-volume rotating body.

Further, the laser radar system according to the present
disclosure may be easily aligned. The reason is that the laser
radar system according to the present disclosure may allow
the beam generated by the beam transmitter to be irradiated to
a desired distance range with a predetermined size and may
detect the reflected optical signal by using the beam receiver.
In particular, in the present disclosure, the beam transmitter
and the beam receiver exist as a pair as in the related art, and
additional correction for separation of different channels or
alignment of the same channels need not be performed. Fur-
ther, a post correction process of correcting a characteristic
between channels, which is not corrected in advance, during
a post process need not be performed.

FIGS. 10A and 10B are explanatory diagrams of various
applications to which the laser radar system of the exemplary
embodiment are applied.

A laser radar system 1000 may be mounted on various
applications such as vehicles (an unmanned travelling sys-
tem, a safety driving system (lane sensing and prevention of
collision with human body/preceding vehicle) such as auto-
mobiles, ships, or the like, aerospace/national defense (a heli-
copter, a tank, or the like), a product inspection (product
surface inspection, or the like), an unmanned guard system,
and the like.

FIG. 10A illustrates a state in which the laser radar system
1000 of the present disclosure is mounted on the automobile.
FIG. 10B illustrates a state in which the laser radar system
1000 of the present disclosure is mounted on a helicopter. A
helicopter falling accident may be prevented by detecting a
front through the laser radar system and the laser radar system
may be used in landing guiding, docking guiding, aerial refu-
eling, or the like.

From the foregoing, it will be appreciated that various
embodiments of the present disclosure have been described
herein for purposes of illustration, and that various modifica-
tions may be made without departing from the scope and
spirit of the present disclosure. The exemplary embodiments
disclosed in the specification of the present disclosure will not
limit the present disclosure. The scope of the present disclo-
sure will be interpreted by the claims below, and it will be
construed that all techniques within the scope equivalent
thereto belong to the scope of the present disclosure.

What is claimed is:
1. A laser radar system acquiring an image of a target by
using a laser beam, comprising:

a beam source to emit the laser beam;

abeam deflector disposed between the beam source and the
target, and configured to deflect the laser beam emitted
from the beam source in a scanning direction of the
target as time elapses;

an optical detector configured to detect the laser beam
reflected from the target, which is provided a plurality of
beam spots having a diameter Dz ; and

areceiving optical system disposed between the target and
the optical detector and configured to converge the laser
beam reflected from the target,

wherein the optical detector comprises a detecting area
having a size D, , that satisfies [Equation 1] and [Equa-
tion 2] below, and

VIxPrps+2%Daps<Dp<2xDj, s [Equation 1]



US 9,234,964 B2

15

wherein Pz represents a maximum pitch between the
beam spots, D represents the diameter of the beam
spot, and D, . represents a pupil diameter of the receiv-
ing optical system, and

(4/m)xhxF_number<Dgpps<Dj. . [Equation 2]

wherein A represents the wavelength of the laser beam and
F_number represents an F number depending on the
pupil diameter of the receiving optical system.

2. The laser radar system of claim 1, further comprising:

asignal reading unit configured to read a signal output from
the optical detector by using information on another
location of the target as time elapses, which is used in the
beam deflector.

3. The laser radar system of claim 2, further comprising:

an image processing unit configured to calculate distance
and/or reflected beam intensity information of the target
by using laser beam information read by the signal read-
ing unit and determine a 3-D image of the target by using
the calculated distance and/or reflected beam intensity
information.

4. The laser radar system of claim 3, further comprising:

a camera configured to acquire a 2-D image of the target,

wherein the image processing unit corrects or synthesizes
the determined 3-D target image and the 2-D target
image acquired by the camera.

5. The laser radar system of claim 1, wherein:

the optical detector comprises a single detecting area.

6. The laser radar system of claim 1, wherein:

the optical detector comprises two or more divided detect-
ing areas,

wherein, a plurality of signals output from divided detect-
ing areas is combined to be processed as a single output
signal.

7. The laser radar system of claim 1, wherein:

the beam deflector periodically deflects the laser beam to
viewing points of the target.

8. The laser radar system of claim 1, wherein:

when the laser beam is reflected on one or more locations in
the target, one or more coordinate information is
obtained by detecting the reflected laser beams.

9. The laser radar system of claim 1, wherein:

the beam deflector comprises a plurality of beam scanning
units, and

the respective beam scanning units are disposed to scan the
laser beam to different regions or some superimposed
regions, or at different angles with respect to the target.

10. The laser radar system of claim 9, wherein:

the respective beam scanning units scan the laser beam in a
time-division manner.
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11. The laser radar system of claim 1, wherein:

the optical detector comprises a plurality of optical detec-
tors,

wherein, some optical detectors are disposed in parallel or
obliquely in order to detect a reflected laser beam which
is not detected by the remaining optical detectors.

12. The laser radar system of claim 11, wherein:

the receiving optical system comprises a plurality of
receiving lenses having different wide angle character-
istics, which are correspond to the plurality of the optical
detectors.

13. The laser radar system of claim 1, wherein:

the beam deflector comprises at least any one of a Galvano
mirror and a rotary polygon minor, an acousto-optic
deflector and a bi-axial driven scan minor, an MEMS
scanner, and an MEMS reflector.

14. The laser radar system of claim 1, wherein:

the beam deflector comprises an electro-optic (EO) scan-
ner or a fiber array laser.

15. A method for acquiring an image of a target by using a

laser beam in a laser radar system, the method comprising:

emitting the laser beam;

deflecting the laser beam in a scanning direction of the
target as time elapses;

converging, by a receiving optical system, the laser beam
reflected from the target; and

detecting, by an optical detector, the laser beam converged
by the receiving optical system, which is provided a
plurality of beam spots having a diameter Dy,

wherein the optical detector comprises a detecting area
having a diameter D, that satisfies [Equation 1] and
[Equation 2] below, and

VIxPrps+2%Daps<Dp<2xDj, s [Equation 1]

wherein P represents a maximum pitch between the
beam spots, Dz represents the diameter of the beam
spot, and D, represents a pupil diameter of the receiv-
ing optical system, and

(A m)xhxF_number<Dgps<D;., [Equation 2]

wherein A represents the wavelength of the laser beam and
F_number represents an F number depending on the
pupil diameter of the receiving optical system.

16. The method of claim 15, further comprising:

calculating distance and/or reflected beam intensity of the
target by using information of the detected laser beam;
and

determining an image of the target by using the calculated
distance and/or reflected beam intensity.
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